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loading values presented in this report.
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This Summary Report contains information prepared by scientists
who have interpreted the results obtained by all of the projects
conducted within the Canadian PLUARG Task C Agricultural Watershed
study. The study approach is presented, along with summaries and
discussion of data, and possible remedial measures for all of the
major water quality parameters investigated. Extrapolation to
unmonitored areas and remedial measures alternatives are discussed
for total phosphorus and sediment. The reader is referred to the
many reports of the investigators and "Information Integrators" who
have participated in the Agricultural Watershed Studies for supporting
methodology, data presentation and analysis, and discussion of results.
The Agricultural Watershed Studies consisted of a variety of
investigations into the relationships between agricultural land and
water quality in the Great Lakes Basin. gonitoring of water quality
and quantity at eleven small (19 to 73 km ) watersheds, selected to be
representative of major agricultural regions of the Canadian Great
Lakes Basin, was carried out for two years. Detailed studies on
sediment, nutrients and heavy metals were carried out in some of the
watersheds. All watersheds were characterized in detail.
In terms of the water quality parameters of greatest concern
to PLUARG — total phosphorus and sediment the higher the degree
of intensive cultivation and/or the greater the area of fine—textured
soils, the greater were the unit-area loads. These watershed
characteristics accounted for most of the differences observed in
the loads of total phosphorus and sediment among the study watersheds.
The reasons for this were determined to be the effect of these factors
on soil erosion rates, fertilizer and manure use, and transport of the
clay-sized particles which contain and carry phosphorus. The unit-area
loads of total phosphorus ranged from 0.2 to 1.5 kg/ha/yr, while those
of suspended solids (sediment) ranged from 60 to 960 kg/ha/yr. It was
estimated that the total contribution of Canadian agricultural land to
streams in the Great Lakes Basin in 1976 was about 3000 tonnes of total
phosphorus, and about 1,084,000 tonnes of sediment.
Consideration was given to remedial measures programs to reduce the
contributions of pollutants from agricultural activities. Although several
possible measures were identified, it is emphasized that localized vari-
ations in pollution sources, soil properties and landscapes, cropping
systems and active pollutant contributing areas make general application of
remedial measures impracticable. To illuStrate the site-specific nature of,
and demonstrate an approach to, remedial measures, programs were developed
for four watersheds and phosphorus and sediment loading reductiOns and
costs were estimated. These examples are presented in the report.
Monitoring and detailed studies were also carried out to determine the
role of agricultural land as a source of other water quality parameters.
It was concluded that applications of fertilizer and manure, and
livestock operations adjacent to streams, were contributing to the
observed levels of the dissolved fractions of phosphorus (ortho-P) and
nitrogen (NO£+NO-) in streams. Loads-of these fractions ranged from
0.02 to 0.46 kg/ga/yr, and from 2.4 to 25.9 kg/ha/yr respectively.
Soil incorporation of phosphorus fertilizers and manure, used according
 to soil test recommendations, and better management and timing of
nitrogen applications, were suggested as measures which would reduce
these dissolved nutrient loadings.
It was determined that agricultural activities were not influencing
the quantities of heavy metals in streams, — other than by way of
increases in stream sediment loads, which resulted in increases in those
fractions of the metal loads that were naturally associated with the
sediment. The pesticide materials now in use were found to be of
sufficiently low persistence that they were seldom detected in stream
water. Accidental spills were the suspected causes of the occasional
presence of these materials. Only the herbicide atrazine was commonly
found in stream water, but it has no known deleterious water quality
impact. Residues of the past use of the organochlorine pesticides
such as DDT were routinely observed in stream water.
Agricultural activities could not be entirely separated
from other possible sources. Indicator bacteria were found in
relatively high numbers in the agricultural watersheds. They could
not be related to potential livestock sources, and may well have also
been derived from wildlife, human population and natural stream
conditions. Other observed non-agricultural influences on water quality
in the agricultural watersheds were: the contribution of rural
housing to dissolved phosphorus levels; the presence in streams of
herbicides from spraying of highway rights-of-way; and the almost
constant presence of the industrial organic toxicant PCB - believed




1974, the International Reference Group on
Great Lakes Pollution from Land Use Activities (PLUARG) prepared
a "Detailed Study Plan to Assess Great Lakes Pollution From Land
Use Activities".
This study plan outlined four main tasks
including assessment of the problem (Task A), inventory of land
use activities (Task B), watershed studies (Task C) and lake
studies (Task D).
Task C was described as, "Intensive studies of a small
number of representative watersheds, selected and conducted to
permit some extrapolation of data to the entire Great Lakes
Basin, and to relate contamination of water quality, which may
be found at river mouths on the Great Lakes to specific land
uses and practices".
The objective of Activity 1 (Canada) of Task C, "Pilot
Watershed Surveys”, was "to obtain data on the inputs of
pollutants into the Great Lakes Drainage System which have their
origin in the complex land use activities known as agriculture".
The Agricultural Watershed Studies (Task C - Activity 1
(Canada)) developed into a three-phase program with objectives
as follows:
Phase I (Monitoring):
To measure the ambient concentration and loading
rates for various potential pollutants that occur
with agricultural land use.
Phase 11 (Detailed Studies):
1) To determine the effects of the soil, land use
and associated practices on ambient concentrations
and loading rates of selected pollutants from
agriculture.
2) To derive information on the mechanics of trans-
port and storage of these pollutants within the
selected agricultural watersheds.
3) To develop relationships so that the information
derived can be utilized in a predictive sense and
extrapolated to other areas.










The Agricultural Watershed Studies in Canada consisted of
the monitoring of 11 small (20-70 kmz) agricultural basins
selected to represent major agricultural regions in Southern
Ontario, and included a number of detailed studies in six of
these (Table 9.2.). The agricultural regions (determined by
soil type, climatic zone, and combination of crops grown with
or without livestock) were identified and representative
watersheds selected during the preliminary phase of the study
(April 1974 - April 1975). These regions and watersheds are
shown in Figure 9.2. Field activities of the study were
initiated in April 1975 and continued until May 1977.
The monitoring program covered precipitation quantity
(Project 6A, University of Windsor), stream flow quantity and
stream quality (Projects 2 and 3, Ontario Ministry of the
Environment, Agriculture Canada; Project 4, Ontario Ministry of
Agriculture and Food). An inventory of land use practices
was carried out on the 11 watersheds (Project 5, Ontario
Ministry of Agriculture and Food).
For the six watersheds included in the Phase II Detailed
Studies, precipitation quality has been determined (Project 6B,
University of Windsor). A detailed soil survey has been made
of these watersheds (Project 7, Ontario Soil Survey) and a study
of the nature and enrichment of sediments which involved
mineralogical, physical, organic, trace elemental and nutrient
characterizations (Projects 8 and 9, Agriculture Canada, Guelph—
Ottawa).
These programs were co-ordinated to allow assessment

















Agriculture Canada, Harrow and Ottawa).
A one-year program was
added to identify sources of high levels of metals in one water-
shed (Project 23, Brock University).






































Another study on surface transport of nutrients with emphasis on






















the study of transformations and
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EROSIONAL LOSSES FROM AGRICULTURAL LAND
SEDIMENT DELIVERY RATIOS IN SMALL
AGRICULTURAL WATERSHEDS
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LAND TO STREAMS BY SURFACE RUNOFF
NITROGEN TRANSPORT AND TRANSFORMATIONS IN
TWO BRANCHES OF CANAGAGIGUE CREEK
SECONDARY PRODUCTION AND ORGANIC DRIFT OF





















































































































































Surface runoff from small agricultural watersheds (Project
15, University of Guelph), erosional losses from agricultural
land (Project 16, University of Guelph, Agriculture Canada),
transport of fluvial suspended sediments from agricultural land
(Project 17, University of Guelph), and the contribution of
phosphorus from agricultural land to streams by surface runoff
(Project 18, UniVersity of Guelph) werecombined into a
CO-operative program on surface sources and flow paths from
agricultural land.
A comparison of the nutrient budget of an agricultural
stream and a relatively undeveloped stream has been made,
including nutrient transport and transformation (Project 19A,
University of Guelph) and a 1975 field season study of
secondary production and organic drift (Project 19B, University
of Waterloo).
Descriptions of the studies referred to above may be found
in the Detailed Study Plan, Agricultural Watershed Studies,
Task C Activity 1, Canada, October 1975, with update in October
1976. The final reports from these detailed studies will be
included in the PLUARG Technical Report Series and will be
available in 1978.
In December, 1976, individuals from within the diverse
activities of the Agricultural Watershed Studies were identified
as "integrators" responsible for compiling information related
to eaCh major Parameter group (i.e. phosphorus, nitrogen,
sediments, heavy metals and pesticides) from all the detailed
StUdies in which these parameters were considered. Livestock
were given special consideration by the appointment of an
integrator specifically for these sources. The integration
activity included development and evaluation of remedial
programs utilizing the combined ekpertise and experience of the
PLUARG study researchers and field technicians to recommend
suitable'options.
Coordination and implementation of this program has been
a jOint Ontario Ministry of Agriculture and Food, Agriculture
Canada, and Ontario Ministry of the Environment endeavour.
Methods
Referring to the division of the objectives listed under


























Standard and PLUARG approved methods have
been used for sample collection,
treatment and laboratory
analyses.
Automatic samplers with time and stage height
activitated suction pumps were used at 6 sites to improve event
sampling.
The data have been stored in the Environment Canada
National Water Quality Data Bank (NAQUADAT) as well as in OMOE's
data system. Flow data have been compiled and analysed by the
OMOE and Water Survey of Canada (Environment Canada) from
continuous recording flow stage gauges. These have alsobeen
filed in NAQUADAT, as have the results of the pesticide monitor-
ing at each of the 11 agricultural watersheds. Precipitation
has been measured by gauges located in each of the watersheds.
From NAQUADAT, concentration data and monthly loadings as well
as plots of parameter values have been furnished to agricultural
study participants. The OMOE has calculated annual loadings
according to the Beale Ratio Estimator method.
Each agricultural watershed has been surveyed by the Ontario
Ministry of Agriculture and Food (OMAF) by visiting each farm in
each watershed, and by gathering non-farm information from
municipal offices and field observation.
Statistical analyses have been made of the 2—year monitoring
data and models developed to explain variability between water-
sheds in terms of physical characteristics, the use of the land
and agricultural management practices.
9.3.2. Detailed Studies
The methods utilized by the researchers involved in the
detailed studies were numerous and varied. All conformed to
standard routines for laboratory analysis, with the exception of
the Plasma Source Emmission Spectrometer used by Project 23 for
elemental analysis of stream waters and sediments. This machine
is somewhat experimental and certain problems were encountered
with laboratory procedures. Field sampling involved the use of
the most appropriate equipment available which included, among
others, a deep well hollow auger drill for groundwater and core
sampling; inovative traps for floating and suspended organic
debris; bulk andwet only precipitation samplers; and an












































































































































































































































































































































































































































































































































iv) heavy metals; and v) nitrogen. A Sixth "Integrator" has
also been identified to compile the results of any studies in
which livestock sources were considered.
Analyses of the results of the detailed studies and of the
monitoring program and the conclusions regarding the effect of
agricultural activities within the 11 agricultural watersheds,
as well as within the agricultural regions represented by these
watersheds have been made by the integrators in concert with
the study coordinators. This report, therefore, represents the
conclusions of a large group of researchers of differing
backgrounds and interests.
9.3.3. Alternative Preventative and Remedial Measures
Although the Agricultural Watershed Studies were not
designed to directly test or quantify the impact of specific
remedial measures, they have provided researchers the opportunity
to observe many unique situations. This information has been
utilized in the integration activity for the development and

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































TABLE 10.2.b. Total loads, unit-area loads and seasonal distribution of Ortho-Phosphorus
and Total Dissolved Phosphorui, 11 agricultural watersheds, 1975-77.
 
ORTHO PHOSPHORUS TOTAL DISSOLVED PHOSPHORUS
** * **
g TOTAL + SEASON UNIT AREA TUI'AL + SEASON* UNIT AREA
a LOAD -'/. I II III LOAD LOAD -'/. I II III LOAD
3 T[1r I Z 1 kgjha/yr :11: Z Z % kg/ha/yr
1.88 15 0.37 1.06 52 0.21
1 1.31 85.3 14.6 0.1 0.26 1.66 90.4 9.5 0.1 0.33
1.82 84.6 9.2 6.2 0.36 1.33 74.4 16.2 9.4 0.26
0.37 16 0.05 0.46 15 0.06
2 0 41 63.0 25.3 11.8 0.05 0.53 65.1 20.9 14.0 0 07
0 46 65 l 1 7 15 2 0 06 0 61 59 2 23 7 17 0 08
2.86 6 0.46 3.09 5 0.50
3 2.60 71.8 1 .6 8.6 0 42 2 84 72.9 19.0 8.9 0.46
2 25 78.7 12 0 9.3 0 36 2 48 76 6 12 5 10 9 0.40
0.49 10 0.26 0.62 11 0.33
4 0.43 85.2 4.7 10 1 0 23 0.57 84.2 4.9 10.9 0.31
0 62 88 8 2.9 8 3 0 33 0.74 84 7 4.3 11.0 0.40
0.96 48 0.32 1.28 42 0.43
5 0.72 54.0 39.0 6 9 0.24 1.02 44.7 48.8 6.5 0.34
0 69 72.9 20 9 6.4 0 23 0.91 63 3 30 3 6.4 0.30
0.21 52 0.04 0.40 33 0.07
6 0.16 82.7 9.5 7.8 0.03 0.35 78.7 14.6 6.7 0.06
0.20 80 0 10.0 10.0 0.04 0.41 63.4 19.5 17.1 0.07
0.07 22 0.01 0.18 14 0.03
7 0.09 71.9 17.6 10.6 0.02 0.15 47.8 28.4 10.2 0.03
0.10 72.1 16.4 11.5 0.02 0.21 58.4 26.6 15.0 0.04
1.79 8 0.59 1.54 6 0.51
10 1.57 86.3 12.5 1.1 0.52 1.57 91.2 7.3 . 0.52
1.39 71.1 8 9 20.0 0.46 1.92 69.5 9.0 21 5 0 63
0.50 14 0.21 0.47 6 0.20





































































































** Upper line of values Beale Method, 1976 only


















































































































































































































































































































































































































































































































































































































11 13.8 98.4 1.6 0.0 7.5 13.1 99.8 0.2 0.0 5-5













































35.9 70.1 3.4 26.5 8.0 21.7 69.9 1.1 28.9 4.8
*
Upper line of values
Middleline of values
Lower line of values
Beale Method, 1976 only
NAQUADAT Method, 1976 only
I = Dormant, cold—warming (Jan.-April); II = active (May-August); 111 = dormant,
cooling-cold (Sept.-Dec.)
NAQUADAT Method, 1975-1977 2—year mean
TABLE 10.2.d.
 
Nitrogen and Lead, 11 agricultural watersheds, 1975—77.
 
Total loads, unit-area loads and seasonal distribution of Total Kjeldahl
 
TOTAL KJELDAHL NITROGEN LEAD***
c: ** * H *
g TOTAL +Z SEASON UNIT AREA TOTAL + SEASON UNIT AREA
5‘ LOAD -2 1 11 111 LOAD LOAD -1 I 11 III LOAD
3 T/vr A A A kglhg/yr T[YE;" Z % % kg/ha/IEA
0.023 20 0.005
1 27.1 83.1 16.6 0.3 5.3 0.015 86.9 13.1 0.0 0.003
34.0 70.7 22.7 6.6 6.7 0.101 70.1 25.6 4.3 0.020
0.060 267 0.008
2 17.1 66.6 23.9 9.5 2.2 0.079 73.0 18.2 8.8 0.010
15.7 57.2 26.4 16.4 2.0 0.120 56.6 27.4 16.0 0.015
0.039 56 0.007
3 26.0 62.8 27.8 9.4 4.2 0.087 86.1 11.1 2.8 0.014
20.5 68.0 20.4 11.6 3.3 0.106 80.9 13.3 5.8 0.017
0.011 50 0.006
4 10.1 79.5 12.0 8.5 5.4 0.006 94.4 2.8 2.8 0.003
9.2 79.0 9.8 11.2 5.0 0.017 89.2 6.7 4.1 0.009
0.017 17 0.006
5 21.1 42.4 49.6 8.0 7.1 0.039 70.0 26.0 4.0 0.004
13.1 56.5 34. 8.6 4.4 0.022 69.8 26.0 4.2 0.007
0.082 91 0-015
6 16.1 66.2 22.2 11.6 2.9 0.066 86.7 8.3 5.0 0.012
17.3 53.2 24.5 22.3 3.2 0.104 68.1 18.4 13.4 0.019
0.022 10 0-004
7 6.0 57.1 28.9 14.0 1.1 0.028 61.0 18.0 21.0 0.005
6.3 50.9 30.8 18.3 1.1 0.083 24.9 64.9 10.2 0.015
0.033 86 0-011














11 4.7 94.4 5.3 0.3 2.0 0.005 96.8 3.7 0.0 0.002
5.9 97.8 2.1 0.1 2.5 0.010 97.7 2.3 0.0 0.004
0.009 50 0-005
13 8.4 86.1 9.7 4.2 4.2 0.008 96.4 3.6 0.0 0.004









14 18.2 74.9 9.6 15.5 4.1 0.036 89.8 2.8 7.3 0-008
14.2 70.3 7.0 22.6 3.2 0.056 83.1 4.6 13.3 0.012
* I = Dormant, cold—warming (Jan.—Apr11); II = active (May-August); III = dormant:
cooling—cold (Sept.-Dec.)
H
Upper line of values
Middle line of values = NAQUADAT method. 1976 only
Beale Method, 1976 only
Lower line of values = NAQUADAT method, 1975-1977 2—year mean




















































































































































































































































































































































































































































































































































































most concentrations below detection limit.
 21
TABLE 10.2.f. Total loads, unit-area loads and seasonal distribution of 2.4-D
















a ** * ** *
:1 TOTAL SEASON UNIT AREA TOTAL + SEAS ON UNIT AREA















1 0.074 0.0 100.0 0.0 0.015 8.59 8.8 90.2 1.0 1.69


































































































































































































































































































































































































































































































































































































































































































































































Upper line of values
Lower line of values
NAQUADAT Method, 1976 only
NAQUADAT Method, 1975-1977 2-year mean
Estimates only — many concentrations below detection limit
TABLE 10.2.h.
 
Total loads, unit-area loads and seasonal distribution of Endosulfan





é TOTAL + SEASON UNIT AREA TOTAL** + SEASON* UNIT AREA














1 0.032 95.6 4.4 0.0 0.006 0.403 92.6 7.4 0.0 0.079
0.108 86.1 4.6 9.3 0.020 0.545 62.7 23.1 14.2 0.107
2 0.094 84.1 15.9 0.0 0.012 1.710 75.0 9.7 17.1 0.216
0.087 69.7 11.9 18.4 0.010 1.540 58.2 17.0 24.8 0.195



























































































































































































































































































Upper line of values
Lower line of values



















Estimates only - many concentrations below detection limit









































































































































































































































































































































































The temporal pattern of suspended sediment loads for
the eleven agricultural watersheds is revealed in Figure
10.2.b. Most of the total annual load leaves the mouths of
the watersheds during the months of February through April
as summarized in Table 10.2.1 for 1976. This same pattern
has been confirmed for many rivers in larger drainage basins
in Ontario.
TABLE 10.2.i. Seasonal Distribution of Average Sediment Loadings
for Agricultural Watersheds (%) in 1976
METHOD AND NUMBER OF
  






















































* Data available by months (see Histograms).
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Point : Non—Point Distribution:
There have been no measurable non-agricultural point
sources of pollution in the agricultural watersheds. Although
many agricultural activities in fact behave as point sources
(e.g. drain outfalls, livestock housing runoff discharges,
and specific fields or portions of fields draining directly
into a waterway), it has not been possible to measure the
loads attributable to such specific sources.
The lumping of
these various agricultural point sources into a diffuse load
has been proven convenient. However, the consideration of
remedial practices must not lose sight of the nature of the
agricultural sources.
Relative Significance of Land Uses and Practices:
It must be understood that the Agricultural Watershed
Study does not, by itself, have the capability of determining
the relative significance of agricultural land use gig a gig
other land uses (e.g. urban, extractive, etc.). The contrib-
ution of pollutants to the Grand and Saugeen rivers from sources
other than agricultural land has been estimated by scientists in
the OMOE studies. The estimates of contributions from agri—
cultural activities obtained in the AgriCultural Watershed
Studies can be compared with the OMOE estimates of those from
other land uses, which are presented in the Summary reports
of the Grand and Saugeen River Pilot Watershed Studies. This
comparison is discussed in Section 11.3 of this report.
Within the generalized category of agricultural land use,
there are identifiable practices and conditions which have
varying significance in terms of water quality. For convenience,
the relative significance of agricultural practices and
conditions can be discussed by water quality parameter group:
10.4.1 Phosphorus:
On a watershed—to—watershed basis, about 86% of the
variability in 1976 measured total phosphorus unit—area
loads from agricultural land can be accounted for by
differences in surface soil clay content (texture) and in
the percentages of the area which is cultivated to row
crops (corn, soybeans, tobacco, vegetables). The same
variables accounted for 92% of the variability in measured
flow—weighted mean concentrations. Based on farmland
alone, in 1976 the unit—area loadings varied by a factor
of about 20 from the lowest yielding area to the highest
(i.e. fron1(.1 to 1.82 kg/ha/yr). The greater portion of
this difference can be attributed to differences in soil
type with higher P losses from soils with higher clay
content. Table 10.4.a.shows the-estimated loadings from




Table 10.4.a: Estimated Annual Total Phosphorus load from Sources within the
Agricultural Watersheds
 
Watershed 1976 Measured Total
Estimated Load From
Streambank Cropland2 Livestock3 Unimprzved Total
Beale R.E. NAQUADAT Erosion1 Land Estimated
Load
- - - - — - - - - - - Tonnes/yr - - - - — - - - - - - -

















































































l. Streambank sediments estimated by K. Knapp x average P conc. (0.733) x P Enrichment
3.
ratio (1.1)
Sediment associated P + Dissolved P from cropland. Sediment associated P estimated
from model based on gross erosion, estimated delivery ratio and estimated P
enrichment ratio. Dissolved P calculated assuming proportion of total P from
cropland that was in dissolved form was the same as for that from agricultural land:
Dissolved P from Cropland
_ Sed. Assoc. P from Cropland (Model)
—Total P from Ag.Land (Regr) - Diss. P Ag.Land (Reg) x DISS' P Ag'Land
Estimated by Robinson and Draper (LiVestock Integrators)
Calculated assuming unit-area load of 0.08 kg/ha
 
29
Two-year loading data analysis showed that an estimate
of soil extractable phosphorus, based on the records of
the Soil Testing Service at the University of Guelph for
the county in which each watershed was located, was a
better variable than row crops for both total phosphorus
unit-area load and flow-weighted mean concentration
variability explanation; This is thought to be because
this variable is influenced by (statistically correlated
with) both row crops and phosphorus fertilizer use.
Soluble ortho-phosphorus is considered to be that which
was found in water filtered through a 0.45 u membrane
filter. It averages 43% of the total P load in runoff from
the 11 agricultural watersheds with a range of 25-60%.
About 96% of the variability in the two-year unit-area
loads of total dissolved P can be accounted for by surface
soil clay content, the sum of the fertilizer and manure P
applied in the watershed and the density of rural residences.
The estimates which are presented in Table 10.4.a.
show that livestock were contributing phosphorus at rates
which ranged from 0.5% to 60%, with a mean of 19.5%.
These estimates were made with the use of a livestock
input model.
In addition to the sources indicated in Table 10.4.a,
private sewage disposal systems are contributing to
phosphorus loadings in agricultural areas. Results of a
study conducted on an agricultural watershed with a high
density of rural residences (AG-13) indicated a definite
contribution from septic systems. Other PLUARG studies on
P losses from septic tanks have indicated that P will
normally be transported only very short distances from the
system (probably much less than 30 m). Thus it is only
where a system is located very close to a stream or it is
linked directly to a field drainage system that these
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amount of bank erosion that was transported was assumed to
include only the silt and clay fraction of the eroded
material, and was expressed as a percentage of the 1976
measured sediment loads (Table 10.4.c). It is evident
that sheet and rill erosion contributed the largest per-
centage of the sediments (70 to 100%), while the bank
erosion contributed between 0 and 30 percent.
10.4.4. Heavy Metals (Pb, Cu, Zn):
Twelve trace elements — Al, As, Cd, Cr, Cu, Fe, Hg,
Mo, Ni, Pb, Se and Zn — were monitored in stream waters.
Only Cu, Pb, Zn and Fe were routinely detected in the
streams. Of the latter, only the first three are
considered potential pollutants.
Persistent problems of detection limits and lack of
sensitivity for metal measurements may be influencing the
metal loads calculated from each watershed._ In
Tables 10.2.c and d, the loadings of Pb for all Sites, and
for Cu at sites where no samples were above the detection
limit, have been presented as 50% lower than the originally
computed value which was based on the detection limit.
This was done because detailed studies indicated that with
refined techniques of analysis, some metal could be detected
at much lower concentrations than was possible under the
routine sampling.
Average yearly metal concentrations in stream waters
showed very little differences between watersheds; Pb
ranged from 0.003-.010 mg/L for each watershed, while Cu
ranged from 0.005-0.010 mg/L and Zn ranged from .006—.020
mg/L. Concentrations of metals in stream waters were often
related to other components present in the water - the most
 TABLE 10.4.c. - Partitioning of 1976 measured suspended sediment loads into


























































AG—14 135 75 —— ..
1Using NAQUADAT method of sediment load computation.
2Knap, (1978) PLUARG Task C, Activity 6.
3
.
Problems With streamflow measurements account for the very low sediment load.











































































































































































































































































































































































































































































































































































































































































































































and 75% of the herbicide volume. It did not cover the
nematocides, growth regulators nor petroleum products
(i.e. oils) used. Included in the analytical procedure
were the two industrial chemicals PCB and mirex. Table
10.4.d. presents levels and frequency of occurrence for
insecticides, PCB's and herbicides.
The occurrence of most of these pesticide and toxic
organic materials in streamwater is not consistent enough
to allow statistical correlations with watershed characteris-
tics to be developed. Atrazine was one exception to this
rule, and in spite of its only being used in corn, unit—
area loadings were found to be best correlated with soil
clay content and with the index of surface water pollutant
transfer potential. In multiple linear regression, either
of these characteristics, together with corn area, (which
was not statistically significant at the p = .05 level),
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** Atrazine - The mean residue of 1.4 was made up of 0.26 ppb de-ethylated atrazine






















Percent water samples at each level ng/L



































































































Percent water samples at each level ng/L























































The mean residue of 7.1 ng/L consisted of 4.1 ng/L DDE,






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































40 22900 31 1340
83 5050 15 608
817 730000 12 85000
101 880000 24 62000
84 3800 10 444
10 1240 8 165
20 180000 4 8000
20 8100 10 2500










































































































































































































































PLUARG studies but in many cases these values were not developed
from Great Lakes Basin data.
Since measures of fluvial
sus—
pended sediment load as well as potential gross erosion values
were available for the ll agricultural study watersheds in
Canada, it was possible to compute a sediment delivery ratio for
these watersheds. Table 10.5 shows the computed sediment delivery
ratios for the 11 agricultural study watersheds as well as
estimated values of delivery ratios based on published drainage
basin area and soil texture relationships. In many cases the
computed and published delivery ratios compare favourably (e.g.
AG-l, 2, 4, 5, 10, 14), while in the other watersheds the
computed delivery ratios are (AG-3, 6, 7, ll, 13) significantly
less than the published values (Table 10.5). As these discrepancies
cannot be quantifiably predicted at this time, it is apparent
that extreme care should be used in the selection of sediment
delivery ratios to avoid over-estimation of fluvial sediment loads.
Sediment delivery ratios were also computed from 1976 data
on a monthly basis for the Canadian agricultural study watersheds
in order to investigate seasonal variation in sediment delivery.






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Watershed Delivery Ratio (D.R.) %
Aa Bb cC
AG-1 13 16 3O
AG-Z 15 14 7
AG-3 4 15 20
AG-4 21 19 23
AG-5 7 18 21
AG—6 2 15 19
AG-7 2 15 9
AG-1O 26 18 37
AG-11 ' 5 18 38
AG-13 3 19 10
AG-14 10 16 30
 
a
Computed for the agricultural study watersheds as follows:
DOR. = Suspended Sediment Load (2 yr mean, NAQUADAT)
Average Annual Sheet and’Rill Erosion + Gross Streambank Erosion
b
Based on drainage basin area (3.0.5., National Engineering Handbook,
$23336, Sediment Sources, Sediment Yields and Delivery Ratios, U.S.D.A.,
C
Based on drainage basin area with modification for drainage basin
texture (S.C.S., Sediment Requirements for Reservoirs, Engineering
























































































































































































































































































































































































































































































































AG 1 72 92 218 90 3.8 2.7 .2 -—- ———
3 4o 28 155 5.8 4.8 3.7 1.1 ___ ___
4 34 60 141 61 7.2 2.0 ‘ .6 —-- ———
5 93 48 213 79 ' 8.3 -—— 1.1 ——— ———




































































































































































to streams is dependent on the erosion of the soil, the P
content of the soil, and the degree to which this P content is
enriched by the erosion process and by fertilizer and manure
practices. Individual field runoff samples have shown the
effect of enrichment by fertilizers and manure practices on
cropland. On a watershed basis, it must be concluded that the
greater erosion and the higher P additions associated with the
culture of row crops, together with the tendency of clay soils
to yield more fine particles in the erosion process, are the
major causes of the loss of total P from agricultural land.
Streambank erosion, brought about by a variety of factors





























trampling can also contribute total P to streams. This source
is considered to be of lesser importance to phosphorus loss
than it is for sediment losses since the eroded materials have
lower phosphorus contents than cultivated surface soils.
Livestock have also been noted as contributing phosphorus,
mainly as dissolved P, at estimated rates which average 20% of





























































































The dissolved phosphorus is also influenced by the type
and phosphorus content of the sediments present, since there
is a dynamic equilibrium between the concentration of dissolved
P in water and that associated with solid particles. Other
major factors which appear to influence dissolved phosphorus
concentrations in the agricultural watersheds in addition to
the livestock noted above (presumably by way of manures), are
fertilizer use, and the presence of faulty septictanks. Thus
Clay soil regions with high densities of livestock and rural
human population, and where high phosphorus fertilizer
application rates are used tendto have higher soluble
phosphorus levels in stream water. In addition to these,
organic soil areas which have been monitored intensively in
other studies have been shown to yield high unit area loadings
of dissolved phosphorus, especially where excessively high












































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































in streams draining to the Great Lakes.
11.1.3. Sediment
On the basis of monitoring and modelling data on
representative agricultural watersheds in Ontario, it is safe
to conclude that rural land use is contributing to the suspended
sediment load of the Great Lakes. However, the rural sediment
loading rates are found to be below average North American
values.
The potential rural sources of suspended sediments have
been considered as cropland, grassland, woodland, and stream—
banks. In rural OntariO, 70 to 100% of the sediment load has
been attributed to rainfall and runoff (sheet and rill) induced
erosion on cropland, grassland, and woodland, while 0 to 30%
of the sediment load has been attributed to streambank erosion.
Suspended sediments are not transported from rural land
uniformly throughout the year. Figure 10.2.b. illustrates the
monthly distribution of sediment loads from rural lands in
Southern Ontario for 1976 data. About 75% of the annual











































































































































































































































































































































































































































































































































































































































































































































canopy or ground cover protection are grown in the approximately
20% of the rural
land that frequently contributes run—off to
streams.
‘
Unit area sediment loads were calculated for agricultural
lands on the basis of 1976 monitoring data and long-term
predicted data. Comparison of these loadings (Fig. 10.4.a)
led to the conclusion that the 1976 data may be overpredicting
sediment loads by a factor of about 1.6.
Sediment yields for rural watersheds in Southern Ontario
ranged from 100 to 900 kg/ha/yr (when computed by the Hydro-
graph Integration Method). The causes of the variation
observed can be related to soil and land use factors as well
as watershed transport capacity. For example, some areas with
highly erodible soils and erosion sensitive land uses (corn)
did not always reflect high sediment loading rates. Watershed .
transport factors such as stream channel buffering with grass
or trees or stream channel density had a large effect on
determining unit area sediment loadings. For these examples
the effect was to decrease and increase the loads respectively.
In many cases these factors were more significant than soil


















































































































































































































































































































important source than agricultural land.









































of the Niagara Escarpment and, upon entering the stream,
increased the metal load.
11.1.5. Toxic Organics and Pesticides



















following nine were found in 10% or more of water samples:
Frequently identified p,p-DDE (93%), atrazine and
desethyl atrazine (80.2%)
PCB (94.4%)
Infrequently identified p,p-TDE (23%), p,p’-DDT (10.5%)
(10-40%) dieldrin (20.6%), trans endosulfan
(17.6%), endosulfan sulfate (17.2%)
The remaining 18 components were found only rarely or
occasionally and invariably were the result of spills and
carelessness around streams.
ZDDT (o,p-DDT, p,p’-DDT, p,p’—TDE and p,p’-DDE). DDT
was used as an insecticide for a multiplicity of uses up to
the time it was restricted in 1970. Hence components of DDT
have been found in all watersheds. Between 1970 and 1972,
uses of DDT were continued in vegetables and tobacco produc—
tion areas, hence the unit area loadings for AG-2, AG-3 and
AG—l3 are higher than other watersheds in the two-year period
of this study. ZDDT was present in 93% of water samples of
















































































































































































































from past uses of aldrin that were discontinued in 1969.
Aldrin was used as an insecticide to control soil insects and
hence was used in watersheds growing cash crops and vegetables.
Over the two-year period 20.6% of water samples from the
agricultural watersheds contained dieldrin and 16% were above
the 1 ng/L IJC criterion.
Total Endosulfan. This insecticide is used for foliar
insects in tobacco and vegetables. This includes domestic
uses in the home garden. Its appearance in 17% of the water
samples may have resulted from both agricultural and domestic
use. In some watersheds it was found in water where no crops
were grown that could account for its use. There were 14.1%
of water samples above the 3 ng/L IJC criterion. The major
losses occurred as a result of runoff in the January-April
period.
Overview. The DDT and dieldrin residues in water are
derived from past uses of DDT and aldrin and little can be
done to change the slow release to water. PCB appears in
water as a result of aerial fallout with no known agricultural
input. Endosulfan has recently been dropped from recommendation
































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































selected sites examined intensively. It must be emphasized



















drinking water supplies. No evidence exists of upstream








































supply purposes should not be overlooked.
Extent of Unit Area Loadings
See Section 10.2.4.
  
   
Figure 11.1.a:
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about 70% to 80% of the load, while in the Saugeen basin it





















extrapolation estimate of sediment loadings. They have been
calculated by two different methods - an extrapolation of the
areas represented by the PLUARG agricultural watersheds, as





















has therefore been given as the range encompassing the results
of applying these two methods.






















80% and 90% of the estimated total nitrogen inputs into the
Grand and Saugeen basins respectively. The extrapolation of
data from small watersheds, however, depends upon whether nitrogen
delivery ratios remain constant. In-river processes such as
denitrification and sediment (TKN) deposition appear to vary
from basin to basin. Results indicated that the nitrogen
extrapolation worked well in the Saugeen basin but less well
in the Grand. While the comparisons discussed above are useful,
it must be remembered that the proportions of the monitored
loads attributed to different land uses are only valid for the
Grand and Saugeen basins, and are only representative of the entire
Great Lakes Basin to the extent that these two river basins are
representative of this larger area.
No agricultural influence on heavy metal levels has been
found in the agricultural watershed studies. For copper and

































































































































these rivers could be accounted for by losses from agricultural
useage.
The percentages of those pesticides which might have
been delivered from other land uses could not be estimated due
to the complex physical
and chemical processes involved in
pesticide transport in rivers of this size. One pesticide,








present at the mouths of these rivers in larger quantities than
could be expected fromagricultural sources alone. Since this
material is widely used on lawns and golf courses, it is probable
that these areas were contributing significantly to the presence
of chlordane and heptachlor epoxide at the mouths of these rivers.
The industrial organic toxicant PCB, while present in
runoff from all land use areas studied, appeared to be contrib-
uted disproportionately by urban land areas compared to agric—
ultural land. The probable atmospheric input, being the major
source of this material, would be likely to be delivered to
streams from paved urban areas more readily than from pervious
rural land. It can be further noted that spent oils containing






















































































Degree of Transmission of Pollutants from Source Areas to
Boundary Waters
The results of the Agricultural Watershed Studies cannot be
used on their own to estimate transmission to boundary waters.































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































be related to runoff from cropland,
600 tonnes to livestock
operations, and 150 tonnes to each of streambank erosion and
unimproved farmland.
The latter figure is probably low due to
the larger amount of unimproved land in the basin as a whole
compared with the eleven study watersheds.
The distribution
of the total load of 3000 tonnes was approximately as 26% in
the Lake Huron Basin (including Georgian Bay), 53% in the
Lake Erie Basin (including Lake St. Clair) and 21% in the
Lake Ontario Basin.
Estimates of the livestock contribution of total phosphorus
to the Canadian Great Lakes Basin have also been made by a
different procedure which utilizes a model developed in the
livestock integration study. Using a range of representative
input values for livestock units, developed from the application
of different assumptions in the model, a range of probable
livestock loads to the lakes was found. With inputs estimated
to be between 0.08 and 0.22 kg/animal unit/yr, the total load
was estimated to be between 170 and 466 tonnes per year. (An
animal unit was as defined by the Ontario Agricultural Code
of Practice.)
11.5.2. Sediment
The extrapolation methods used in the Grand and Saugeen
river basins have also been used to extrapolate sediment loadings
to the whole agricultural portion of the Canadian Great Lakes
Basin. The extrapolation method based on the agricultural areas
represented by the study watersheds yielded an average value of
215 kg/ha/yr, while the regression method based on two years of
data generated an average value of 209 kg/ha/yr. Since these
results were so similar, only the regression method has been
mapped, and the results are presented in Figure ll.5.c. The
data bases for this extrapolation were the same as those used
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sediment loadings, reference must be made
to the
distribution of farm land as a percentage of
the total rural
area, as presented in Figure ll.5.b.
Based on the extrapolation procedures used for Figure
ll.5.c., it is possible to estimate the total annual
agricultural sediment load to the Canadian Great Lakes
Basin. This total load was estimated to be 1,084,200 tonnes,
of which 22% was derived from farm land in the Lake Huron basin
(including Georgian Bay), 64% in the Lake Erie basin (including

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































(b) within agricultural basins,











contributing the highest unit
area loads and comprising
less than 10 percent of the agricultural area, contribute















developed surface drainage systems.
A further twenty-
five percent of the agricultural area contributes loads of
intermediate magnitude (for the basin) and accounts for
about another 45 percent of the agricultural sediment load
to the lakes. These areas include either regions which
are moderately to highly erodible with poor transport
mechanisms or regions which exhibit lowerosion rates but
which have efficient mechanisms for the transport of
material to the streams and lakes. Although these areas
are presently grouped in a moderate category for
contributing sediment, many of them could contribute much
higher loadings if relatively minor changes occurred.
For example, an area that is highly erodible but in which
buffer strips of vegetation exist along most waterways,
ditches, and stream courses probably exhibits a moderate
sediment loading. If a number of the buffer strips were
removed and cropping was carried out to the ditch and
stream edge, the unit area sediment loading would increase
rapidly into the high range of values.
The portions of agricultural watersheds contributing
the majority of the sediment load comprise a relatively
small percentage (10% to 20% depending on storm conditions)
of the watershed area. These portions are usually located
in close proximity to drainageways and natural stream
courses. Within fields and farms, row crops — and
particularly continuous row crops - contribute significantly
more sediment material than other cropping systems. The
lack of adequate buffer strips along water courses leads
to large amounts of material being transported from field
to stream and to increased ditch and bank erosion.
If agriculturally derived suspended sediments are
assumed to be contributing pollutionto the Great Lakes,




















and sediment - control programs should be developed and
implemented differentially throughout the agricultural












































































loadings in the future. '
 
  
Erosion - and sediment - control programs should
include a watershed perspective with emphasis being given
to those portions of the agricultural landscape contributing
sediment most significantly to stream channels, i.e. those
areas adjacent to drainageways and natural stream channels.
Reducing soil erosion rates can be accomplished by
any number of well tested techniques which either reduce
the impact energy of rain drops (e.g. mulch or cover crops)
or reduce the soil erodibility (e.g. maintaining soil
structure by increasing organic matter content or by
minimum tillage). Reducing transport of eroded soil to
stream channels can be accomplished by the application of
established measures such as contour cropping, diversion
terraces, etc. Another approach is to separate cropping
and cultivation activities from streams and drainage
channels by vegetated "buffer strips" or "field borders".
These reduce the velocity of runoff water and increase











































and into artificial channels or conduits.
These artificial
























































































































































































































































12.1.2. Phosphorus from Agricultural Land
Sediments
from agricultural
land may be enriched in
phosphorus due to applications of manure and/or commercial
fertilizer.
In the zones which are frequently hydro-
logically active and which yield eroded sediment to streams,
measures designed to minimize the enrichment of these soils
with phosphorus may have some effect on phosphorus loads,
though the phosphorus content of the soil is generally so
high compared to agriculturally added phosphorus that
reductions in total phosphorus may be very small. Greater
reductions (in percentage terms) would occur in the forms
of P which are more readily available to aquatic life.
Measures such as restricting phosphorus inputs as fertilizer
or manure to those recommended from a soil phosphorus plant-
availability test should be considered. However, it must
be recognized that these measures would not significantly
reduce the phOSphorus in runoff for several years. Once a
soil is enriched by addition of fertilizer and/or manure,
it requires several years of cropping to reduce the
concentration of plant-available P. The measures would,
however, avoid further unnecessary enrichment.
Soluble phosphorus in runoff water from frequently
hydrologically active zones may also be increased by poor
management of phosphorus fertilizer or manures. Specifically,
failure to incorporate fertilizer and manure into the soil
may lead to high concentrations of soluble phosphorus in
the runoff water. Remedialmeasures to reduce this problem
would include incorporation of manure into the soil as soon
as possible after application, and prior to a runoff-
causing event (this would also eliminate spreading on
frozen soils). Similar restrictions are suggested for
manure spreading on floodplain soils even though these may
not be frequently hydrologically active. Much of the
phosphorus fertilizer is band applied and hence incorporated
on application. Incorporation of broadcast fertilizers
should be encouraged in areas where water quality may be
affected.
Organic soils may yield large quantities of phosphorus
to drainage water as a result of drainage works which increase
soil decomposition rates, and as a result of fertilizer
applications for crop production. These fertilizer
applications have been found to be excessive in some
instances, and reducing application rates to crop needs
would be a remedial measure which would reduce loadings from
these areas. Although the reductions would occur more
rapidly than with mineral soils, excessive concentrations
in drainage water would continue for 10 years or more. The
area of cultivated organic soils is very small, being in
essentially five locations in Ontario, an area in New York
near the shouth shore of Lake Ontario and some scattered
sites in Michigan. Thus the impact on the total load to
the Great Lakes is extremely small. Localized effects may

























Direct manure inputs from runoff or seepage from manure
storage or livestock feeding areas will add phosphorus,
primarily in a soluble form, to streams° Remedial measures
are recommended which will separate livestock facilities
from streams unless runoff and seepage is contained within
the operation. The degree of separation necessary to
protect water quality will depend on soil type, slope and
other features of each site. Guidelines should be prepared
which will result in the siting of all future operations in
non-contributing areas. Existing operations may need run-
off control measures if stream contamination is evident.
Runoff would need to be contained and later pumped or
transported to non-contributing areas for disposal or use
for crop production. The Ontario Agricultural Code of
Practise or the Canada Animal Waste Management Guide
should be consulted for recommended structural options,
especially for large beef operations which have been found
to contribute the greatest proportion (about 44%) of the
livestock phosphorus pollution potential. Livestock
defecating directly into streams is an unquantified source
of phosphorus. It could be controlled by restricting
access to streams which cross pastures, but costs and
acceptability may present many problems.
Other agricultural sources of phosphorus can be
considered for control by site specific measures. Examples
are those farm silos from which drainage liquor is allowed
to flow into a stream or into a farm drainage system leading
to a stream. Farm yard and milk-house drainage may also
contaminate drain systems. Connections from these sources
to field drainage systems may need to be traced and
eliminated, with contaminated water being diverted instead
into seepage disposal beds, or stored and pumped out to
field diSposal.
In terms of priority based on technical effectiveness
(including the extent of controllable sources) it is
suggested that the remedial measures which can be utilized
for phosphorus reduction from agricultural land should be
applied as follows (all only in frequently hydrologically
active areas): i) reduction of sediment from soil erosion;
ii) control of runoff from manure storage and livestock
feeding areas; incorporation of manure into the soil
















12.1.3. Nitrogen from Agricultural Land
While not a parameter of major significance to lake
water quality at this time, concentrations
exceeding the
10 mg/L drinking water standard in many upstream areas in
both surface and ground water suggest that preventative
measures to reduce N losses from land to water are desirable
where practicable.
While some 25-30% of total N loss in
monitored agricultural watersheds is associated with
sediments, and will therefore be controlled by remedial
measures implemented for sediment, the most abundant form
of nitrogen is the highly soluble nitrate ion which moves
freely through soils and into drainage systems and ground
water.
Evidence suggests that much nitrogen in drainage
waters originates either as natural organic matter in soils
which is undergoing mineralization with successive years of
cultivation, or as fertilizer or manure nitrogen which is
added to promote optimum crop growth. Improved efficiency
in the use of the added sources would reduce leaching losses.
Optimum timing of applications (which may include the use of
slow N release fertilizers), matching rates of application
to crop needs and planting cover crops after harvest of the
main crop to take up excess available nitrogen will help
reduce these losses. Efficient N management considerations
are particularly important for corn, for which a large
portion of the N used within the Great Lake Basin watersheds
is applied. A suitable soil test procedure for determining
soil available nitrogenis currently needed in order to
allow reduced N fertilization on soils with high natural
organic N contents and mineralization rates.
Many of the suggested measures for control of soluble
phosphorus from manure storage and livestock operations will
help reduce concentrations of nitrogen in runoff, but they
will do little to reduce leaching to groundwater or to tile
drains. Tile drains should not be placed under unpaved
manure storages or livestock feeding areas if nitrogen is
to be kept out of streams. Best remedial measure for these
sites is probably the roofing of areas where manure is
deposited so that the manure will dry out and not be leached
of its nitrogen by rain and snow melt into groundwater or
drainage systems. '
Most of stream N losses occur during winter and spring
runoff. Consequently, an important conservation of annual
N 1055 would occur by reducing soil N03 concentration prior
to this period. Fall cover—cropping and incorporation of
organic residues of ahighC/N ratio hold promise for the
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achievement of this conservation of nitrogen. Once water
with a high nitrate content enters a stream there is poten-
tial for denitrification, by which the nitrogen is returned
to the atmosphere. PLUARG studies suggest that stream
renovation whichincludes the revegetation of stream banks
with trees and shrubs would create conditions under which
denitrification would remove some nitrogen from stream
water, particularly at times of low flow and high temperature.
12.1.4. Trace Elements (Heavy Metals)
Since trace elements are present naturally in geological
materials, trace elements are contributed to water by all
land uses.
In rural areas, the loading rates are directly
proportional
to sediment yields.
Little can be done in
these areas to reduce metal







levels in soils due to man's activities should be prevented
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Strict enforcement of regulations, adequate training of
users and general education on new procedures and safeguards







The use of herbicides has grown dramatically over the
last decade. These are employed by all facets of human
society to control weeds in agriculture, on industrial and
home properties, in forests and in recreational areas.



















simazine, atrazine and diuron.
Although there is no evidence
of any environmentally related problems, the rates at which
atrazine













































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































stream length - 91 km;
hydrologically active
contributing area - 50%; land use







37% soybeans, 27% wheat,
1% hay;



























































































































Total phosphorus (kg/ha/yr) =
- 0.0939 + 0.000846 (% clay)
+ 0.000212 (% row crops)2.






























soil organic matter maintenance; f. cross slope farming.








300 bu/ha @ $2.50/bu
150 bu/ha @ $2.0/bu
25 bu/ha increase in subsequent corn yie1d= $60/ha.





















































350 ha of corn or
soybeans and
125 ha of wheat
to be converted
to hay.






































































































































































































































































































150 bu/ha @ $2.00/bu
l, 2, an
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150 drain outlets G $100/outlet.











 Table 12.2.c.: Application of some feasible remedial measures alternatives in Agricultural Watershed AG-4,- estimated costs and effectiveness.
 















20% row crop (all corn), 324
Potential minimum - zero row cropsl
75
0.30



































Crop rotation (corn - grain - grain — hay - hay)
-
-




















a. Tile outlet stabilization
5,000
b. Stream bank stabilization
1,200




























lanator notes: 1, 2, and 3 - see notes for Table 12.2.a. (Addition to Note 1. - includes subjective 0.1 kg/ha/yr livestock input reduction assumed
to result from the implementation of the remedial measures listed.)
4. Strip cropping on 75% of the "C" slopes in the contributing area (140 ha) @ Slo/ha, plus $500 capital costs for fence row removal.
5. Crop rotation is not applicable as a new remedial measure, since, in this watershed, they are already generally practiced.
6. To avoid fields in the contributing area being left bare over the winter period, either plow in the spring, or use cover crop over winter; - 100 ha
corn with expected yield loss of 25 bu/ha @ $2.50/bu = $6,000 and 200 ha grain @ a loss of $30/ha = 6,000 — total 812,000/yr.
7. 40 ha to buffer strips and lost from production (8ha corn @ $300/ha, 16 ha grain @ $200/ha, 16 ha hay @ $200/ha = $8,800); grassed waterways estab-
lished on an equal land area with the same costs.
Assumed that the buffer strips and waterways are clipped and not harvested for hay — maintenance
costs @ SlO/ha = $800. Total cost $18,h00.
8. 50 tile outlets stabilized @ SlOO/outlet.
9. 3 ha of eroding streambanks stabilized @ $400/ha.
































n area - 25
2; land use
































































Strip cropping 15 190 0.80 2,000
Crop rotations (Corn — corn - grain - hay - hay) 20 150 0.67 10,000
Spring plowing (corn) 10 135 0.60 15,600
or - no—till corn (24,700)




a. Tile outlet stabili
zation
K 5,000
b. Stream bank stabili
zation
800
c. Amortization of cap
ital costs
750
Total annual cost - 316/watershed ha.
49,150
lanator notes: 1, 2 and 3 - see notes for Table 12.2.a.(Note 1 includes 0.05 kg P/ha/yr subjective reduction estimate for applying remedial measures)
Strip cropping on 75% of the "C" slopes in the contributing area (200 ha) @ SIG/ha plus a capital cost of $500 for fence-row removal.
Assumed costs and returns for cropping practices — see note 5 to table 12.2.b.
260 ha corn with 25 bu/ha yield reduction (360/ha) = $15,600.
No-till corn with 35 bu/ha yield reduction ($95/ha) = $24,700 for 260 ha.
40 ha in contributing area lost to productoin (16 ha corn @ 8300/ha, 8 ha grain @ SZOO/ha, 16 ha hay 9 $200/ha = 310,000; grassed waterways establi-
shed on an equal land area with the same costs. Assumed that the buffer strips and waterways are clipped and not harvested for hay - maintenance
‘costs @ SIG/ha = $800. Total cost = $20,800.
50 tile outlets stabilized at SlOO/outlet.
10. 2 ha of eroding stream banks stabilized @ ShOO/ha.
ll. Amortization of capital costs @ 10% over 20 years.
 
  
